Disruptions in immunity and occurrence of inflammation cause many eye diseases. The growth hormone-releasing hormone-growth hormone-insulin-like growth factor-1 (GHRH-GH-IGF1) axis exerts regulatory effects on the immune system. Its involvement in ocular inflammation remains to be investigated. Here we studied this signaling in endotoxin-induced uveitis (EIU) generated by LPS. The increase in GHRH receptor (GHRH-R) protein levels was parallel to the increase in mRNA levels of pituitary-specific transcription factor-1, GHRH-R splice variant 1, GHRH, and GH following LPS insult. Elevation of GHRH-R and GH receptor was localized on the epithelium of the iris and ciliary body, and GHRH-R was confined to the infiltrating macrophages and leukocytes in aqueous humor but not to those in stroma. Treatment with GHRH-R antagonist decreased LPS-stimulated surges of GH and IGF1 in aqueous humor and alleviated inflammation by reducing the infiltration of macrophages and leukocytes and the production of TNF-α, IL-1β, and monocyte chemotactic protein-1. Our results indicate that inflammation in the iris and ciliary body involves the activation of GHRH signaling, which affects the recruitment of immune cells and the production of proinflammatory mediators that contribute to EIU pathogenesis. Moreover, the results suggest that GHRH-R antagonists are potential therapeutic agents for the treatment of acute ocular inflammation.
Disruptions in immunity and occurrence of inflammation cause many eye diseases. The growth hormone-releasing hormone-growth hormone-insulin-like growth factor-1 (GHRH-GH-IGF1) axis exerts regulatory effects on the immune system. Its involvement in ocular inflammation remains to be investigated. Here we studied this signaling in endotoxin-induced uveitis (EIU) generated by LPS. The increase in GHRH receptor (GHRH-R) protein levels was parallel to the increase in mRNA levels of pituitary-specific transcription factor-1, GHRH-R splice variant 1, GHRH, and GH following LPS insult. Elevation of GHRH-R and GH receptor was localized on the epithelium of the iris and ciliary body, and GHRH-R was confined to the infiltrating macrophages and leukocytes in aqueous humor but not to those in stroma. Treatment with GHRH-R antagonist decreased LPS-stimulated surges of GH and IGF1 in aqueous humor and alleviated inflammation by reducing the infiltration of macrophages and leukocytes and the production of TNF-α, IL-1β, and monocyte chemotactic protein-1. Our results indicate that inflammation in the iris and ciliary body involves the activation of GHRH signaling, which affects the recruitment of immune cells and the production of proinflammatory mediators that contribute to EIU pathogenesis. Moreover, the results suggest that GHRH-R antagonists are potential therapeutic agents for the treatment of acute ocular inflammation.
GHRH-GH-IGF1 axis | experimental uveitis | GHRH analogs G rowth hormone-releasing hormone (GHRH) is a hypothalamic hormone that belongs to the secretin superfamily of peptide hormones (1) . The amino terminal sequence of 29 amino acids retains the full biological activity of GHRH (2) . GHRH binds to its receptor (GHRH-R) on pituitary somatotrophs and activates synthesis and secretion of growth hormone (GH) (2, 3) . GHRH peptide and GHRH-R also are expressed in extrapituitary tissues, including normal and malignant tissues, cancer cell lines, and immune cells (4) (5) (6) (7) . Moreover, truncated splice variant (SV-1) of GHRH-R also is found in tumors, pituitary, and peripheral tissues, implying a physiological or pathophysiological role unrelated to its normal endocrine function (8) .
Extrahypothalamic GHRH in neoplastic and normal peripheral tissues plays a mitogenic role in stimulating cell proliferation and preventing apoptotic cell death, likely mediated by an autocrine and/or paracrine production of insulin-like growth factor-1 (IGF1) (9) (10) (11) . GHRH and its downstream signaling are involved in the development of autoimmune disease. For example, GHRH-Rdeficient mice are not susceptible to the induction of experimental autoimmune encephalomyelitis (12) . On the other hand, pretreatment with GHRH reverses endotoxin-induced inflammatory hyperalgesia (13) . GHRH antagonist suppressed the expression of inflammatory mediators, such as IL-1β, NF-κBp65, and COX-2, in prostatic hyperplasia (14) . Furthermore, GHRH, GH, and IGF1 augment the differentiation of granulocytes from progenitor bone marrow cells into functional mature immune cells (15) .
Uveitis is a common form of ocular inflammation. Repeat episodes can induce irreversible damages to ocular tissues leading to visual impairment (16) . Administration of corticosteroid is the standard therapeutic strategy, but alternative treatments with less severe side effects are being sought (17) . The GHRH-R antagonist MIA-602 suppressed the expression of inflammatory genes in breast cancer without obvious side effects (18) . Thus, we hypothesized that the GHRH-GH-IGF1 axis is involved in pathogenesis of ocular inflammation and that GHRH-R antagonists can serve as alternative agents for treatment of uveitis. We attempted to address these issues in an animal model of endotoxin-induced uveitis (EIU), which we recently have characterized in adult rats (19) .
Results

Gene Expression of GHRH-R and Its Related Signaling Molecules in
Ocular Tissues After LPS Insult. Transcripts of GHRH-R and its related signaling molecules in ocular tissues and the pituitary were determined using RT-PCR with the primer sets listed in Table S1 . Tissues were collected 24 h after a unilateral footpad injection of LPS in adult Sprague-Dawley rats. In an adult rat model of EIU a significant increase in protein and cell contents in the aqueous humor occurred as early as 3 h after LPS injection and reached peak levels at 18-24 h (20) . In control rats injected with saline, GHRH-R was detected in the retina, iris and ciliary body (iris-CB), and cornea, whereas its ligand GHRH and the receptor variant SV-1 were expressed in the retina and iris-CB but were expressed only slightly in the cornea (Fig. 1A) . GH was detected, together with pituitary-specific transcription factor-1
Significance
We have shown that the growth hormone-releasing hormonegrowth hormone-insulin-like growth factor-1 (GHRH-GH-IGF1) axis is involved in experimentally induced acute inflammation in the iris and ciliary body, where its activation is associated with inflammatory responses. Blocking GHRH-GH-IGF1 axis activity by the GHRH receptor (GHRH-R) antagonist is effective in alleviating inflammatory responses. These findings demonstrate a novel activity of GHRH-GH-IGF1 axis signaling in ocular inflammation and suggest a potential therapeutic application of GHRH-R antagonist.
(Pit-1) and CREB-binding protein (CBP), a ubiquitously expressed nuclear transcription factor and a cofactor of Pit-1 (21, 22) . Transcripts of GHRH, GHRH-R, GH, and related signaling molecules also were detected in the pituitary. Injection of LPS, known to induce inflammatory changes in ocular tissues (19) , caused a general increase in the expression of these genes, particularly in the iris-CB.
Changes in gene expression were analyzed using further quantitative real-time PCR (qRT-PCR) ( Table 1) . LPS induced a significant increase in the expression of GHRH-R, SV-1, GHRH, and Pit-1 in iris-CB (Fig. 1B) . GHRH-R expression also was increased in cornea and pituitary, whereas CBP was down-regulated in iris-CB and cornea. GHRH-R, GHRH, Pit-1, and SV-1 expression was substantially higher in the iris-CB (a three-to sevenfold increase) than in the cornea and pituitary. No obvious change was observed in the retina. Western blot analyses revealed abundant expression of GHRH-R in the iris-CB and pituitary and moderate expression in retina and cornea ( Fig. 2A) . LPS induced an elevation of GHRH-R protein level in all ocular tissues examined (Fig. 2B) , with the most obvious increase in iris-CB (1.64 ± 0.11-fold), which was significantly higher than the increase in retina and cornea (1.09 ± 0.10-and 1.09 ± 0.05-fold, respectively). No obvious analogous change was detected in the pituitary.
Immunocytochemistry revealed the localization of GHRH-R in the somatotrophs in the anterior lobe but not in the cells in the posterior lobe of the pituitary (Fig. 3A) . GHRH-R also was found in the retinal ganglion cell layer, the photopigment layer of normal retina (Fig. 3B ), cornea endothelium (Fig. 3C) , and in a few epithelial cells lining the iris-CB (Fig. 3D) . LPS induced obvious elevation of GHRH-R in the iris-CB. Intense staining was found on the ciliary epithelium and on infiltrating cells scattered in the anterior and posterior chambers (Fig. 3E) . Double labeling showed that almost all infiltrating cells were GHRH-R-positive; some were immunopositive for CD43 (a surface antigen on leukocytes) (Fig. 3 G and I) , and others were immunopositive for CD68 (a cytoplasmic antigen in monocytes and macrophages) ( Fig. 3 H and J) . Moreover, GHRH-R immunoreactivity was not detected on cells expressing CD43 or CD68 in the stroma of iris-CB ( Fig. 3 G and H) . Therefore, GHRH-R is expressed specifically on immune cells in the aqueous humor but not on those residing in the tissues.
Total Protein and IGF1 in Aqueous Humor After LPS Insult. Total protein concentration was increased gradually in aqueous humor (Fig. S1A) , where the major GHRH-GH signaling product, IGF1, was increased dramatically at 12 and 24 h after LPS injection ( Fig. S1B ) but was reduced in the systemic circulation (Fig. S1C) . IGF1 was increased 13-fold 24 h after LPS injection, compared with the eightfold increase in total protein in aqueous humor (Table S2) , suggesting local production of IGF1 upon LPS stimulation. In the serum, IGF1 was reduced by about 50% after LPS injection, but absolute IGF1 values in serum were several times higher than in the aqueous humor.
Localization of the Signaling Molecules GH, GHR, and IGF1 in Ocular
Tissues After LPS Insult. In saline controls (n = 2), GH and IGF1 immunoreactivity was not detectable in the iris-CB (Fig. 4A ), whereas GHR was localized on ciliary epithelium and a few (Table S1 ). Pit-1, GHRH-R, SV-1, and GHRH in iris-CB were up-regulated 24 h after LPS injection. (B) In qPCR, the relative expression ratio was the mean normalized expression value (Table 1) in LPS-treated rats versus control rats. The most obvious increases in expression of Pit-1, GHRH-R, SV-1, and GHRH were in iris-CB. GADPH served as the internal control. CBP, CREB-binding protein; Corn, cornea; iris-C or iris-CB, iris and ciliary body; Pit, pituitary; Ret, retina. Table 1 Data are shown as mean ± SEM. ***P < 0.01, compared with normal control (saline+saline); Mann-Whitney test; n = 9 in each group. stromal cells (Fig. 4B) . LPS induced obvious staining for GH in the epithelial lining of iris-CB (Fig. 4C ) and for GHR in the ciliary epithelium (Fig. 4D) . Moreover, GH and IGF1 immunoreactivity was localized on the amorphous substances in the aqueous humor (Fig. 4 C and D) . GH, GHR, and IGF1 were all observed in the infiltrating cells (Fig. 4 E-G) , suggesting that these immune cells and ciliary epithelium may be sources of these hormones.
GHRH-R Antagonist Reduced Inflammatory Responses Induced by LPS.
A GHRH-R antagonist (MIA-602; 20 μg per rat) or agonist (MR-409; 60 μg per rat) was injected i.v. 2 h after LPS injection. Control animals received i.v. injection of vehicle (0.2% DMSO in 5.5% mannitol sterile water). The numbers of infiltrating cells and total protein levels in aqueous humor were reduced significantly in rats injected with MIA-602 compared with those treated with LPS and vehicle only (Fig. 5) . However, in animals treated with MR-409, the numbers of infiltrating cells (P = 0.52) and total protein levels (P = 0.87) were slightly higher than or were comparable to those of the LPS-plus-vehicle group. Injection of the same doses of MIA-602 or MR-409 alone without LPS did not change infiltrating cell numbers or total protein exudation. These inflammatory responses were suppressed totally by oral administration of dexamethasone (Dxm) at 1 mg/kg. ELISA of aqueous humor after treatment with GHRH agonist or antagonist showed increased secretions of proinflammatory mediators TNF-α, IL-1β, and monocyte chemotactic protein-1 (MCP-1) 24 h after LPS injection. The GHRH-R antagonist MIA-602 significantly suppressed the secretion of these factors into the aqueous humor. Such reduction was not observed in the rats treated with the agonist MR-409 (Fig. 6 ). MIA-602 and MR-409 alone did not generate any change in the level of proinflammatory factors.
Reduction of GH and IGF1 Concentrations After GHRH Antagonist
Treatment. ELISA results showed significant suppression of LPS-induced surges of GH and IGF1 after treatment with MIA-602 but not after MR-409 injections (Fig. 7) . Dxm also reduced GH and IGF1 significantly 24 h after LPS injection. MIA-602 or MR-409 alone did not change the GH or IGF1 levels, indicating an association of the anti-inflammatory actions of GHRH-R antagonist with a suppression of GH and IGF1 in the aqueous humor. In this study we have not examined overlapping or additive effects of the GHRH-R antagonist with Dxm.
Effects of GHRH Antagonist on Gene Expression of GHRH and Related
Signaling Molecules in the Iris-CB. qRT-PCR showed that GHRH-R, SV-1, GHRH, and GH and their regulatory genes Pit-1 and CBP were all reduced by MIA-602. The suppression was most obvious for the Pit-1 gene (Table S3 ). These effects were not observed for MR-409, in which the expression of GHRH-R and SV-1 was significantly up-regulated.
Discussion
This study investigated the contributions of GHRH-GH-IGF1 axis signaling to inflammatory processes in EIU. Our major findings are (i) GHRH signaling-regulatory molecules are expressed in the iris-CB and retina; (ii) these genes are up-regulated after LPS injection, particularly in the iris-CB; (iii) GHRH-R and GHR proteins are localized on the ciliary epithelium in normal tissues, and their expression is elevated substantially after LPS injection; (iv) GHRH-R and GHR also are localized on the leukocytes and macrophages infiltrating in the aqueous humor, and these cells produce GH and IGF1; (v) the GHRH-R antagonist MIA-602, but not the agonist, ameliorates LPS-induced infiltration of immune cells, exudation of proteins, and secretion of TNF-α, IL-1β, and MCP-1 in the aqueous humor; (vi) these anti-inflammatory effects Intensities of the bands corresponding to GHRH-R were normalized to that of the internal control, β-actin. (B) The relative intensity ratios were obtained from the normalized intensity values in LPS-treated rats over the corresponding values in controls. Increased GHRH-R expression was most obvious in iris and ciliary body (iris-CB). Data are shown as mean ± SEM; **P < 0.05 compared with the value in the pituitary; Mann-Whitney test; n = 3. In normal rats GHRH-R was expressed on epithelial cells in the ciliary body process and iris. (E) In LPS-treated animals GHRH-R expression was up-regulated on cells in the ciliary epithelium (orange arrow) and on cells infiltrating into the anterior and posterior chambers (white arrow). (F) Treatment without the primary antibody gave no staining on the LPS-treated eye sections. (G-J) GHRH-R (green) was intensely stained on the cells expressing the leukocyte marker CD43 (red in G and I) or the monocyte/macrophage marker CD68 (red in H and J) when they detached from the iris (orange arrows in G and H) or resided in the aqueous humor (arrows in I and J). GHRH-R was not found in the stroma cells of the iris (yellow arrows in G and H). AC, anterior chamber; AP, anterior pituitary gland; C, cornea; CB, ciliary body; GCL, ganglion cell layer; I, iris; PC, posterior chamber; IPL, inner plexiform layer; IS/OS, inner and outer segment of photoreceptors; INL, inner nuclear layer; L, lens; NP, neurohypophysis; ONL, outer nuclear layer; VB, vitreous body. (Scale bars: 35 μm.)
are associated with reduced production of GH and IGF1 that results from the blocking GHRH-R, suggesting a novel function of the GHRH-GH-IGF1 axis in experimentally induced uveitis.
The extrapituitary functions of GHRH are mediated through GHRH-R and its splice variants, particularly SV-1 (23) (24) (25) . However, the pituitary-type GHRH-R rather than SV-1 is the predominant form of receptor expressed in normal ocular tissues (26) . Moreover, the presence of Pit-1, an important activator of the GHRH-R and GH promoters (21, 27) , supports the involvement of GHRH signaling in these tissues. The ocular tissues may respond to GHRH and augment synthesis of GH, which binds to GH receptor (GH-R) on the ciliary epithelium, for production of molecules downstream of GH signaling, including IGF1. It is possible that the GHRH-GH-IGF1 axis also operates in retinal cells, such as ganglion cells and photoreceptors.
LPS induces a surge in transcripts of GHRH, GHRH-R, SV-1, and Pit-1 in the ocular tissues, which are most obvious in the iris-CB. This response to LPS is confirmed by immunocytochemical and Western blot analyses, suggesting that the activation of GHRH signaling may be related to the vulnerability of the iris-CB to LPS insult. The susceptibility of the anterior uvea has been related to the higher blood flow and large fenestrae in blood vessels within these tissues, which enable more direct exposure to the circulating endotoxin (28) .
The specific increase in the expression of GHRH-R and GH-R on the iris-CB epithelium and in the leukocytes and macrophages infiltrating the aqueous humor suggests that GHRH has a dual site of action after LPS stimulation, one on the ciliary epithelial cells and another on the immune cells residing in or circulating through the iris and ciliary processes. Immunohistochemical and ELISA results show that both tissues respond by producing GH and secreting it into the aqueous humor. This secreted GH then can bind to its receptor GH-R on the epithelial cells and on the infiltrating immune cells to produce IGF1. In addition to local production, the surge of GH and IGF1-the major functional proteins in the GHRH-GH-IGF1 axis-can be attributed to an increased influx of these molecules from the systemic circulation into the aqueous humor as a result of the vascular leakage caused by LPS. In aqueous humor, IGF1 is elevated 13-fold, far more than the eightfold increase in total protein content, indicating local production of this effector molecule. Moreover, the systemic level of IGF1 is decreased after LPS treatment, further supporting an autocrine and/or paracrine regulation of GHRH-GH-IGF1 signaling in the iris-CB and immune cells.
Our findings show that blocking the GHRH-GH-IGF1 signaling with the GHRH-R antagonist MIA-602, but not the agonist MR-409, substantially suppresses the inflammatory responses in LPS-induced uveitis. These results agree with earlier findings that GHRH-R antagonists suppress inflammation by reducing the production of inflammatory proteins, such as IL-β, NF-κB/p65, and COX-2, in experimental prostatic hyperplasia and breast cancer (15, 18) and alleviate inflammation-triggered oxidative stress by increasing glutathione and decreasing glutathione peroxidase activity (29) . The antagonist may alleviate inflammatory responses by acting as a local modulator for the maturation and migration of immune cells, including macrophages, lymphocytes, and other leukocytes (30) (31) (32) . Because GH has been shown to target macrophages to trigger various immune responses (15), we argue that the GHRH-R antagonist may block the signaling of GHRH-R on the macrophages residing in the iris-CB and so inhibit synthesis and release of GH, resulting in reduced IGF1 secretion. Reduced IGF1 inactivates PI-3/Akt/NF-κB-or Ras/Raf/ MAPK/ERK-kinase downstream of the IGF1 signaling pathway (33, 34) , thus decreasing the production of proinflammatory factors, including cytokines and chemokines. LPS-induced elevation of Pit-1, GHRH-R, SV-1, GHRH, and GH mRNA expression in iris-CB are significantly diminished by the GHRH-R antagonist, leading to a further reduction of GH and IGF1. The GHRH-R antagonist JMR-132 can suppress the activation of Akt-kinase and ERK-kinase and reduce production of GHRH, thus inhibiting the growth of human androgen-independent prostate cancer (35) . However, IGF1 also prevents the degradation of IκB and diminishes NF-κB translocation into the nucleus (36), leaving inconclusive IGF1's role as a pro-or anti-inflammatory agent (37) . In this study we show that suppressing IGF1 production by blocking GHRH signaling alleviates inflammatory responses in ocular tissues.
Another possible action of the GHRH-R antagonist is to reduce the secretion of TNF-α, IL-1β, and MCP-1 from the inflammatory cells, thus alleviating further recruitment of leukocytes and macrophages into the aqueous humor. Earlier studies showed that, after injection, GH and GHRH up-regulate TNF-α, IL1-α/β, and IL-6 in human blood (38) and in cells incubated with GH or GHRH (36, 37) . Last, the GHRH-R antagonist may inhibit the migration of immune cells into the aqueous humor, as suggested by the presence of GHRH-R only on cells in the aqueous humor but not in the stroma of the iris.
In summary, the present study provides evidence that the GHRH-GH-IGF1 signaling axis exists in the iris-CB and that its activation is associated with inflammatory responses triggered by LPS. Moreover, blocking GHRH-GH-IGF1 axis activity by the GHRH-R antagonist is effective in alleviating inflammatory responses in this model of experimentally induced uveitis. These findings demonstrate a novel activity of GHRH-GH-IGF1 axis signaling in ocular inflammation and suggest a potential therapeutic application of the GHRH-R antagonist.
Materials and Methods
EIU Model and Peptide Treatment in Rats. All experiments were conducted according to guidelines of the Association for Research in Vision and Ophthalmology Statement on the Use of Animals in Ophthalmic and Vision Research. Ethics approval for the study was obtained from the Chinese University of Hong Kong Animal Ethics Committee. Adult Sprague-Dawley rats weighing 200-250 g, male age 6-8 wk, were obtained from the Laboratory Animal Service Center of the Chinese University of Hong Kong. The animals were housed in standard conditions, maintained at 22 ± 1°C in 40 ± 10% humidity and a 12:12-h dark:light cycle with free access to food and water.
LPS (Salmonella typhimurium; Sigma-Aldrich) was dissolved in pyrogenfree saline. Acute uveitis was induced by footpad injection of 0.1 mL of the diluted LPS, at a dose of 1 mg/kg. Our preliminary study showed that 1 mg/kg LPS, rather than 0.5 or 2 mg/kg, was an ideal dosage to induce moderate inflammation in both eyes without producing obvious lesions in the liver or kidney.
The peptide analog GHRH-R antagonist MIA-602 and the GHRH-R agonist MR-409 were prepared in our laboratory (Endocrine, Polypeptide, and Cancer Institute, Miami Veterans Affairs Medical Center) (SI Materials and Methods). Each was dissolved in 100% DMSO (ACS grade; Sigma-Aldrich) and then was diluted 1:500 in 5.5% mannitol in sterile water. The concentration of DMSO never exceeded 0.2%. Two hours after LPS injection, 0.2 mL of MR-409 (60 μg per rat) or MIA-602 (20 μg per rat) was given by i.v. injection. Control animals were injected with 0.1 mL of pyrogen-free saline into one footpad and were injected i.v. with 0.2 mL 5.5% mannitol in sterile water containing 0.2% DMSO.
Before peptide treatment, 58 rats were divided randomly into two groups: (i) the normal control group, with footpad injection of saline followed by i.v. injection of saline 2 h after footpad injection (saline+saline, n = 29) or (ii) the LPS group, with footpad injection of LPS and i.v. injection with saline (LPS+saline, n = 29). In these animals mRNA expression of Pit-1, CBP, GHRH-R, SV-1, GHRH, and GH in the pituitary, retina, iris-CB, and cornea (n = 9 in each group), protein expression and localization of GHRH-R, GHR, GH, and IGF1 in ocular tissues (n = 2 in each group), and the secretion profiles of total protein and IGF1 in aqueous humor were determined at 4, 12, and 24 h after LPS injection (n = 18 in each group).
Another 45 rats were divided randomly into seven groups: (i) normal controls, which received footpad injection of saline followed by i.v. injection of vehicle (0.2% DMSO in 0.2 mL 5.5% mannitol sterile water) 2 h after footpad injection (saline+DMSO, n = 9); (ii) the LPS group, which received footpad injection of LPS and then i.v. injection of vehicle (LPS+DMSO, n = 9); (iii) two treatment groups in which MR-409 or MIA-602 was administered i.v. 2 h after LPS injection (LPS+MR-409, n = 9; LPS+MIA-602, n = 9); (iv) the Dxm group, which received 1 mg/kg Dxm orally 2 h after LPS injection (LPS+Dxm, n = 3); and (v) two peptide groups, which received footpad injection of saline and then i.v. injection of either MR-409 (saline+MR-409, n = 3) or MIA-602 (saline+MIA-602, n = 3). Twenty-four hours after footpad injection, the rats for sample collection were killed by i.p. injection of 4.0 mL of ketaminexylazine mixture (1.5:1; Alfasan International B.V.).
Histological Examinations. Under deep anesthesia, the rats were perfused with 0.01 M sterile PBS followed by 4% (wt/vol) freshly prepared paraformaldehyde. Both eyes and the pituitary were removed and immersed in 10% (wt/vol) formalin for 24 h at room temperature. The nictitating membrane was maintained in each eye to facilitate orientation. The tissues were embedded in paraffin and sectioned at 5μm thickness before immunostaining (SI Materials and Methods). IL-1β (B) , and MCP-1 (C) were reduced significantly by the GHRH-R antagonist MIA-602 and Dxm but not by the GHRH-R agonist MR-409. Data are shown as mean ± SEM; **P < 0.05; ## , no significant difference compared with LPS; Mann-Whitney test; n = 6 in each group. Fig. 7 . IGF1 and GH in aqueous humor after treatment with the GHRH-R antagonist. LPS-induced increases in GH (A) and IGF1 (B) levels were suppressed significantly by the GHRH-R antagonist MIA-602 but not by the GHRH-R agonist MR-409. Data are shown as mean ± SEM. ***P < 0.01; **P < 0.05; ## , no significant difference compared with LPS; Mann-Whitney test; n = 6 in each group.
Western Blot Analysis. Proteins from the pituitary and ocular tissues were isolated by a lysis buffer containing 1 M Tris·base (pH 7.4), 5 M NaCl, 10% (wt/vol) Nonidet P-40, 10% (wt/vol) sodium deoxycholate, 0.25 M EDTA, and protein inhibitor mixture (Complete Mini EDTA-free; Roche). Samples from normal rats without LPS treatment served as controls. The protein concentration was adjusted equally with a protein assay kit (Bio-Rad) before denaturing in loading buffer for 5 min at 95°C and separation on 12.5% (wt/vol) SDS-polyacrylamide gel electrophoresis for Western blotting analysis (SI Materials and Methods).
Quantification of Pit-1, CBP, GHRH-R, SV-1, GHRH, and GH mRNA Expression. Pituitary, retina, iris-CB, and cornea were obtained 24 h after LPS injection and washed with 0.01 M cold, sterile PBS. The tissue samples were stored in 300-to 500-μL TRIzol reagents (Invitrogen) at −80°C until use. Similar samples were collected from the normal group as controls. Total RNA was isolated and treated with RNase-free DNase I (Qiagen) according to the manufacturer's protocol. RNA (0.5-1 μg) was reverse transcribed into cDNA using SuperScript III reverse transcriptase (Invitrogen). PCR was performed using an iCycler PCR instrument (Bio-Rad) and lightCycle 480 II real-time PCR (Roche Applied Science) according to the manufacturer's instructions (SI Materials and Methods). The gene-specific primers for cDNA sequences were designed with the Primer3 Input program, v. 0.4.0 (bioinfo.ut.ee/primer3-0.4.0/primer3/) (SI Materials and Methods and Table S1 ).
Cell Count and Protein Assay in Aqueous Humor. Aqueous humor was collected from the anterior chambers with a 30-gauge needle. A 1-μL aliquot was diluted with 9 μL of 0.01-M PBS and suspended in 10 μL of Trypan-blue solution. The cell number was counted by an investigator blinded to the study using a hemocytometer under a light microscope. Another portion of the aqueous humor was centrifuged at 550 × g for 15 min at 4°C. Cell-free supernatants were used for total protein assay in duplicate (Bio-Rad).
Evaluation of GH, IGF1, and Proinflammatory Cytokine Levels in Aqueous
Humor. Blood samples were collected by cardiac puncture, clotted at room temperature for 2 h, and centrifuged at 550 × g for 15 min at 4°C. The serum and cell-free aqueous humor were determined for TNF-α (rat-ELISA kit; R&D Systems), IL-1β (rat-ELISA kit; R&D Systems), MCP-1 (rat-ELISA kit; Invitrogen), GH (rat/mouse ELISA kit; EMD Millipore), and IGF1 (mouse/rat-ELISA kit; R&D Systems) in duplicate.
Statistical Analysis. Most data were analyzed by the nonparametric KruskalWallis test. Comparisons of two groups were done by Mann-Whitney tests. P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS statistical software package v. 20.0 (IBM).
